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Roller Coasters Need Calculus Too!
Abstract
Using the specifications of the given launch roller coaster, we were able to determine the position vector
of the roller coaster as a function of time. After determining the position function, we took the derivative
of this function to calculate the velocity of the coaster as a function of time. From this calculated velocity
vector, we were able to determine the time required for the coaster to reach its maximum height. We
substitute this time value back into the position function to determine the maximum height the launch
roller coaster can obtain.
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PROBLEM STATEMENT
Determine the position vector and find the maximum height of a launch roller coaster
traveling with an initial velocity of
coaster is launched from an angle of

with a height of

from the ground. The roller

.

MOTIVATION
The launch roller coaster is a modern form of the classic amusement park ride. Unlike its
predecessors who rely on a chain lift, the launch coaster initiates the ride by launching the
coaster at high speed directly out of the gate. Vector calculus is a powerful tool for those in the
business of ride design and creation. Calculus methods allow us to determine the maximum
height attainable by a roller coaster before the track is even built. Without this knowledge a hill
could be constructed too high and the roller coaster would

This term is used to

describe what happens when the roller coaster is unable to continue of its path, ultimately leaving
the coaster stuck on the lowest portion of the track. Amusement parks lose time and money from
malfunctions such as

since the coaster has to be towed back to the starting

position. Doing all the appropriate calculations prior to the construction of the ride enables the
roller coaster to run as efficiently as possible.
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MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH
To determine the position vector of the roller coaster as a function of time we use a wellknown formula for projectile motion. Let represent the unit vector in the horizontal direction
and the unit vector in the vertical direction, then the position function is given by,
(1)
where

is the initial velocity of the roller coaster,

is the starting height of the roller coaster,

is the angle above the horizontal at which the coaster is launched,

is the acceleration due to

gravity and all distances are measured in feet. Substituting the values given in the problem into
(1) yields:
.

(2)

We differentiate (2) to obtain the velocity function,
.

(3)

The roller coaster will be at its maximum height when the velocity in the vertical direction is ,
so we set

to see

seconds. Putting this time value into (2) we see

the maximum height attainable by the roller coaster is

DISCUSSION
After completing all calculations, using the given information we found that the
maximum height of the launch roller coaster would be

. The objective of this problem

was met and it is very important to future development of roller coasters and amusement park
rides.
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CONCLUSION AND RECOMMENDATIONS
Overall, this application of calculus proves to be very important to the field of
engineering. When it comes to designing and constructing rides there are many calculations that
need to be done. Without performing the appropriate steps to ensure things will run efficiently, it
could not only ruin the project at hand, but cause money loss and danger. Without taking the
time to perform these calculations and ensuring they are correct, it is very possible that a roller
coaster could crash, valley out or put the riders in an overly dangerous situation.
With launch coasters being part of the new craze, it is imperative that we take the
necessary precautions t

t

comes to projects of this magnitude and we would not want to be responsible for neglecting the
safety of others. Understanding the intricacies of how a roller coaster works will allow engineers
and ride designers to stay on the cutting edge and continue to produce gravity defying
amusement park rides.
When it comes to this project, we would recommend that others look into the effect that
the coaster will have after it has reached its maximum height. Coasters are not just one hill and
done, they contain many different elements before and after what we have investigated here. Not
only could we look at a launch

maximum height, but at its acceleration and the

force on the riders. This project highlights one of the many uses of calculus in real world
applications.
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NOMENCLATURE
: Position function for the launch roller coaster
:

Initial velocity of the roller coaster

:

Angle at which the roller coaster is launched above the horizontal

:

Initial height of the roller coaster in feet

:

Acceleration due to gravity
: Velocity function for the launch roller coaster

:

time in seconds
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